This article presents data from three production experiments investigating the prosodic means of encoding information structure in Akan, a tone language that belongs to the Kwa branch of the Niger-Congo family, spoken in Ghana. Information structure was elicited via context questions that put target words either in wide, informational, or corrective focus, or in one of the experiments also in pre-focal or post-focal position rendering it as given. The prosodic parameters F0 and duration were measured on the target words. Duration is not consistently affected by information structure, but contrary to the prediction that High (H) and Low (L) tones are raised in ex situ (fronted) focus constructions we found a significantly lower realization of both H and L tones under corrective focus in ex situ and in situ focus constructions. Givenness does not seem to be marked prosodically. The data suggest that pragmatic prominence is expressed prosodically by means of a deviation from an unmarked prosodic structure. Results are thus contradicting the view of the effort code that predicts a positive correlation of more effort resulting in higher F0 targets.
Introduction
This article addresses two central questions with respect to tone languages. The first one deals with the issue of intonation in a tone language which we will illustrate with data from Akan. The phonetic correlate of tone is F0, hence a Low tone (L) is expressed by means of relatively lower F0 level than a High tone (H). The most salient phonetic correlate of intonation is also F0, that is to say pitch accents and boundary tones are expressed by means of local F0 minima and maxima (Pierrehumbert, 1980; Ladd, 1996; Gussenhoven, 2004) . Given the fact that the phonetic correlate F0 is the same for tone and intonation the critical question is thus, how much intonation do tone languages use?
According to Ladd (1996, p. 6) intonation expresses post-lexical pragmatic meanings. These refer basically to two aspects, highlighting of information and structuring information. In this paper we are focusing on the former function of intonation. We will present a case of pitch register lowering 1 as the prosodic expression of prominence, which has to our knowledge not been reported yet.
The second issue addressed in this paper concerns the universality of the prosodic expression of prominence. According to Gussenhoven (2002 Gussenhoven ( , 2004 ) the theory of the biological codes represents universal functions of language related to intonation. With respect to prominence Gussenhoven argues that the effort code explains the prosodic expression of focus in terms of higher or later F0 maxima. We will interpret the data of the present study on the prosodic expression of pragmatic prominence in Akan in the light of Gussenhoven's theory of biological codes.
To assess the range of variation of languages and to critically reflect typological generalizations, which usually are based on well studied languages, it is necessary to gain more data by means of controlled studies on less well examined languages. Akan represents a good candidate for this enterprise for two reasons. First, Akan is a level tone language (cf., Pike, 1948) . Controlled data on level tone languages, in particular from the African continent, are rare (Zerbian, Genzel, & Kügler, 2010) while controlled data are much more available for contour tone languages like Chinese (e.g., Xu, 1999; Liu & Xu, 2005; Chen, Wang, & Xu, 2009 ). Second, a large amount of papers deal with aspects of the tonal system, of the information structure, and of the syntax of Akan, which we can base our study on. As yet, however, no study has quantitatively investigated the prosodic expression of information structure in Akan.
In the remainder of the introduction we will present earlier work on Akan tonal phonology, and discuss the issues of intonation in tone languages and intonational universals in more detail. The main finding of the paper is that speakers express intonational function in Akan by means of pitch register lowering, which from a universal perspective contradicts the theory of the biological codes put forward by Gussenhoven (2002 Gussenhoven ( , 2004 . Contrary to Gussenhoven we will propose that highlighting information in communication is achieved by means of a deviation from a neutral register, and Akan represents a case where speakers lower their voice in order to draw the attention of their interlocutors.
Earlier work on tone in Akan
This section will present an overview of Akan phonology as it emerges from earlier work. Akan belongs to the Kwa branch of the Niger-Congo family and is spoken by about 8.3 million people in Ghana and the Ivory Coast (Christaller, 1933; Lewis, 2009) . Akan consists of several dialects, some of which are more mutually intelligible than others (Schachter & Fromkin, 1968) . The dialects differ at the level of segments as well as tones (cf., Cahill, 1985; Dolphyne, 1988; Abakah, 2002 Abakah, , 2005a Abakah & Koranteng, 2007; among others) . The three main dialects are Asante Twi (2.8 million speakers), Fante (1.9 million speakers) and Akuapim (0.55 million speakers) (Schachter & Fromkin, 1968; Cahill, 1985; Lewis, 2009 ). This paper concentrates on Asante Twi which has its cultural center in and around the city of Kumasi. Asante Twi is the dialect with the majority of speakers, and we will use the cover term Akan throughout the paper.
Akan is a two-tone language distinguishing between L and H tones, that are transcribed in the tradition of the African tone literature and in line with IPA conventions as [ ˋ ] and [ ˊ ] respectively (Dolphyne, 1988) . All examples throughout the paper are given in Roman script following the orthographic convention laid out in several dictionaries of Akan (e.g., Christaller, 1875 Christaller, , 1933 Mohr, 1909; Berry, 1960; cf., also Dolphyne, 1988) . 2 Tone languages are characterized by the way they use F0 to distinguish lexical or grammatical meaning (e.g., Pike, 1948; Hyman, 2001 ).
In (1) the lexical meaning of Akan words changes as a function of differences in lexical tone. In (1a) the disyllabic word carries two lexical H tones whereas in (1b), two lexical L tones, and in (1c) the two syllables carry two distinct lexical tones, L and H. In Akan, tone has grammatical function as well (Dolphyne, 1988) . In (2) , the second tone of the verb determines the aspect of the verb: the habitual form (2a) is characterized by a H tone, and the stative form (2b) by a L tone. The underlying lexical H tone is post-lexically replaced by a grammatical tone. The grammatical function of tone in Akan plays a more important role than its lexical function (Dolphyne, 1988; Manyah, 2006) . Among other things, tones in Akan distinguish verb aspect and tense, and identify argument structures of the verb.
(1) a. pápá 'good' b. pàpà 'fan' c. pàpá 'father' (Dolphyne, 1988 (Dolphyne, 1988, p. 67) The tone bearing unit (TBU) is the syllable (Stewart, 1965; Dolphyne, 1988; Abakah, 2005a, b) . Examples are given in (3) . According to Dolphyne (1988) Akan distinguishes three syllable types (V, CV, C), which are either open syllables, or single sonorants that function as syllabic consonants (cf., also Christaller, 1933, p. XXVIII; Stewart, 1965) . Any vowel constitutes a syllable, and in the case of two adjacent vowels each of them constitutes its own syllable (3e) (cf., Christaller, 1933, p. XVII; Dolphyne, 1988) .
e. ò-hú-ì 'he saw it' c. ǹ-sú 'water' (Dolphyne, 1988, p. 52f) The first syllable in (3a) represents an open syllable without an onset, while the second one contains an onset and nucleus. The data in (3b-d) show examples of syllabic consonants either as prefix or as suffix. In (3b) and (3c) the tone associated with that syllable differs from the tone of the following or preceding syllable, while the tone is equal on both syllables in (3d). Tone bearing prefix consonants such as in (3c) provide evidence that single consonants constitute syllable nuclei. Akan allows no complex onsets as (3c) may suggest (Dolphyne, 1988; Marfo & Yankson, 2008) . Tone associates with the rime of the syllable, not with onsets (cf., Yip, 2002) .
The distinction of lexically H and L tones is also reflected at the segmental level. According to Manyah (2006) , vowels that carry a L tone are significantly shorter than vowels carrying a H tone. The durational difference ranges between 80 and 100 ms. Vowel quality does not differ for different tones (although there is a tendency for H toned vowels being realized more centrally).
According to Christaller (1933) Akan has stress, which is further corroborated by an analysis of speech rhythm in Akan oral praise poetry since Akan rhythm shows more common characteristics with English stress timing (Anderson, 2009; Purvis, 2009) . However, to our knowledge, no comprehensive analysis of stress in the sense of Hayes (1995) exists, and the exact phonetic details of the "emphasis put on a syllable" (Christaller, 1933 , p. XXVIII) remain unclear. Christaller (1933 at least provides a tentative distribution of stress in Akan: He differentiates between stress on verbs and on nouns. Stress in verbs can fall on the prefix or on the stem. In nouns stress lies either on the first H toned syllable, or on the preceding L toned syllable. In nouns containing only L tones the first stem syllable carries the stress, as in wɔƒà -'uncle'. However, assuming H tones correlate with stress may be a misleading perceptual impression. Any analysis of stress in a tone language has to be independently motivated.
Akan has been classified as a terraced-level tone language Dolphyne, 1988; Abakah, 2000) . 3 Welmers (1959) first introduced the term "terraced-level languages" for describing languages where the realization of phonologically identical tones can be quite different depending on where the tones occur in the utterance. According to terracing languages display a regular process of register shift which affects the F0 realization of successive tones. The shift of the total pitch register can apply downward (downstep) and/or upward (upstep). An important feature of tone terracing is that there is no limit on the number of register lowerings in a tone group. External limits can be set by lexical, grammatical, and/or phonological factors. Terracing is a process on the level of the pitch register. The terracing property is illustrated in Figure 1 , the example is given in (4).
(4) ɔ-bé-kɔ́Kùmásé ánɔpá yí 3sg-fut-go Kumase morning this 'He will go to Kumase this morning.' (Schachter & Fromkin, 1968, p. 105) Each first H tone in a series of High tones of the utterance in (4) defines a new register line relative to which subsequent tones are scaled. In (4) three distinct pitch register levels exist (cf., horizontal lines in Figure 1 ). Figure 1 . Tonal terracing at three distinct register levels exemplified with sentence (4). L tones between H tones lower the register in a staircase fashion illustrated by horizontal lines.
The terracing effect shown in Figure 1 is analyzed as downstep or downdrift. This phenomenon is also referred to as automatic (downdrift) and non-automatic downstep (downstep) (Stewart, 1965) . The terms downstep and downdrift are frequently confused in the literature (Connell, 2001) . This is partly due to the fact that researchers refer to these processes as either phonetic or phonological effects. Another reason is that different research traditions use different terminology, for example African tone linguistics vs. intonational phonology (cf., Connell & Ladd, 1990 for an overview). Automatic and non-automatic downstep usually represent a lowering of a H tone due to a preceding L tone. In the case of automatic downstep, this L tone is realized phonetically, while it is not in the case of non-automatic downstep. In the latter case, the downstep trigger does not appear on the surface. Based on studies that do not find any phonetic difference between the realization of automatic and non-automatic downstep (Laniran, 1992 for Igbo; Snider, 1998 for Bimoba, 2007 for Chumburung, Genzel & Kügler, 2011 for Akan), we use the term downstep for both types of terracing effects. According to Schachter and Fromkin (1968) , Dolphyne (1988) , and Abakah (2000 Abakah ( , 2002 downstep occurs in Akan in a tonal sequence of H-L-H, where the second H tone is lowered with respect to the first H tone, as illustrated in Figure 1 .
Tone languages and intonation
From a typological point of view any language is assumed to have intonation (Bolinger, 1962; Hockett, 1963; Gussenhoven, 2004) . In tone languages, F0 distinguishes lexical meaning and expresses grammatical relations by means of tone. Given so, it is worthwhile to find out to what extent the phonetic cue F0 may also express post-lexical meanings. Surveying the literature on this issue reveals that in fact tone languages do express post-lexical meanings by means of F0.
Intonation expresses sentence-level meanings such as highlighting information which commonly is known as focus marking. In one group of tone languages focus marking is accompanied by changes in F0 scaling, in other words an enhancement of the tonal register (Xu, 1999; Liu & Xu, 2005; Chen et al., 2009 for Mandarin Chinese, Sinitic; Pan, 2007 for Thai, Tai; Jannedy, 2007 for Vietnamese, Austro-Asiatic; Leben, Inkelas, & Cobler, 1989; Inkelas & Leben, 1990 for Hausa, Chadic; Schwiertz, 2009 for Beaver, Athabaskan). Xu (1999) showed that all four tones in Mandarin Chinese are articulated with expanded pitch register, for example a H tone is raised higher, and a L tone is lowered. In addition to a more enhanced production of tones under focus, the tonal register after the focus is suppressed. Also, longer durations of focused words have been reported for Thai (Pan, 2007) and Vietnamese (Jannedy, 2007) . As another strategy, the Curaçao dialect of Papiamentu, a Caribbean Creole with lexical tone contrasts, employs a particular focus pitch accent to mark prominence (Remijsen & van Heuven, 2005) which resembles the Swedish focal accent (Bruce, 1977) .
A second group of tone languages employs a different strategy to express focus, which refers to prosodic domain structure, that is to say an insertion of a phrase break before or after a focused constituent (Frajzyngier, 1989 for Pero, Chadic; Kidda, 1993 for Tangale, Chadic; Kanerva, 1990; Downing, Mtenje, & Pompino-Marschall, 2004; Downing, 2008 for Chichewa, Bantu; Karlsson, House, Svantesson, & Tayanin, 2007 for Kammu, Mon-Khmer; Schwiertz, 2009 for Beaver, Athabaskan) . A phrase break is realized by means of phonetic cues such as a pause, final lengthening (Martin, 1970; Lehiste, 1972; Wightman, Shattuck-Hufnagel, Ostendorf, & Price, 1992) , and/or F0 register resetting (e.g., the Bantu language Chichewa: Kanerva, 1990; Downing et al., 2004; Downing, 2008 ; and some Kwa languages spoken in Côte d'Ivoire, yet not Akan: Leben & Ahoua, 2006) . In Kammu, a focus is signaled by means of a H boundary tone (Karlsson et al., 2007) .
Contrary to languages of the first two groups, a third group of tone languages does not use prosodic means for the expression of prominence at all. These include the Bantu language Northern Sotho (Zerbian, 2006) , the Mayan language Yucatec Maya (Kügler & Skopeteas, 2006 Kügler, Skopeteas, & Verhoeven, 2007; Gussenhoven & Teeuw, 2008) , and Navajo which belongs to the Athabaskan language family (McDonough, 2002) . Hartmann and Zimmermann (2007) present evidence from production data and perception tests that also Hausa does not use prosodic means for the encoding of focus. Their results go against the findings of Leben et al. (1989) and Inkelas and Leben (1990) .
This review shows that besides tonal distinctions of lexical and/or grammatical functions tone languages do use prosodic means for the expression of post-lexical pragmatic meanings, yet not all tone languages necessarily employ prosodic means for the expression of post-lexical pragmatic meanings. 4 Akan has as yet not been analyzed in depth with regard to its intonation and the prosodic expression of focus. Impressionistically, Boadi (1974) reports on tonal raising of both H and L tones on ex situ focused words. Thus, we expect Akan to belong to the first group of tone languages that use pitch register in order to express focus.
Another example of intonation in Akan is the expression of sentence mode. Dolphyne (1988, p. 55) reports that interrogatives display a higher pitch register and that a final H tone is realized with a slightly falling F0. According to Hyman (2001) questions in Akan are further characterized as not having downstep. Yet another intonational phenomenon concerns the change of tones of a whole phrase. Abakah (2005a) gives an example in Akan where a complete main clause receives H tones if a certain temporal adverbial appears in the sentence. These facts further show that intonation exists in Akan. Gussenhoven (2002 Gussenhoven ( , 2004 argues that intonational meaning manifests itself in universal and language-specific aspects. The language-specific aspects are coded in the intonational grammar of each language while the universal part is expressed phonetically across all languages. According to Gussenhoven, three biological codes explain the universal aspects of the interpretation of pitch variation, and they are based on physiological properties of the speech apparatus. The frequency code relates dominance relations to pitch height, that is lower pitch is interpreted as more dominant than higher pitch. The effort code relates the amount of energy put into speech production to the amount of emphasis of a particular message, in other words the more effort in production the more emphatic the utterance and the more likely a message comes across. The production code, finally, relates the relative pitch height at the boundaries of utterances to effects of finality, topic initiation, or continuation demands in communication.
Intonation and its biological codes
To achieve a particular interpretation a speaker can consciously manipulate the code. The expression of emphasis or prominence, hence the manipulation of the effort code, which is most relevant for the present discussion, results in an increase of articulatory precision accompanied with faster vocal cord vibration. In intonation languages the more precise articulation manifests itself as an enhancement of the pitch register. The same effect has been reported for the tone language Mandarin Chinese for H tones (Xu, 1999) . Thus, Gussenhoven advocates a correlation that an increase of prominence is achieved by an increase in effort. Gussenhoven further argues that languages have grammaticalized the biological codes, and the effort code represents the expression of focus. However, the theory of biological codes is based mainly on research on intonation languages.
At first sight, the group of tone languages that use prosodic means for the expression of focus would correspond to the grammaticalized function of the effort code such that they use an expanded pitch register to express focus. Since we expect Akan to belong to that group as well, Akan should also express focus by means of an expansion of pitch register. However, as we will show in this paper, Akan does not behave as expected. Contrary to pitch register expansion, in Akan both H and L tones are lowered, which we analyze as a lowering of the pitch register. In the discussion we will argue that these findings contradict the idea of the effort code.
The expression of pragmatic prominence in Akan
Prominence is understood as highlighting relevant information within an utterance (e.g., Chafe, 1974) . In this sense, the information is in focus. A focus of a sentence represents a word or constituent that receives prominence by means of syntax, morphology, prosody or a combination thereof. In intonation languages such as German or English speakers dominantly use prosodic means to highlight information. This is known as prosodic focus (Ladd, 1980; Gussenhoven, 1984; Ladd, 1996) . Semantically, focus defines a set of alternatives from which one element is chosen by the speaker (Rooth, 1985 (Rooth, , 1992 Krifka, 2008) . If focus highlights new information, parts of a sentence may contain already old information which is usually referred to as given information, defined here as previously mentioned in the discourse (Allerton, 1978; Baumann, 2006) .
Prominence in Akan is achieved by means of different linguistic strategies. Consider first the sentence in (5) . Akan is a SVO language (Boadi, 1974; Saah, 1988; Ameka, 1992; Marfo & Bodomo, 2005; Kobele & Torrence, 2006) . In (5) Kòfí is the subject, Áǃmá the object, and the verb is in progressive aspect as indicated by the L toned prefix rè (cf., Dolphyne, 1988 From an information structural point of view, the sentence in (5) represents a neutral statement which we consider as being uttered in an out-of-the-blue context (cf., Ladd, 1980) . A sentence uttered without any context or as an answer to a very general question of the type "What happened?" is referred to as broad or wide focus (Ladd, 1980; Büring, 1997; Krifka, 2008) . We will use the term wide focus here to refer to our neutral statements in the speech materials, which are elicited without context questions.
Contrary to a neutral statement, a focus is elicited by a context question asking explicitly for a particular constituent of the sentence. The element in question belongs to a set of alternatives (cf., Rooth, 1992 Rooth, , 1995 Krifka, 2008) . In Akan, ex situ focus is encoded syntactically by constituent fronting to the sentence initial position and morphologically by a focus marker (Boadi, 1974; Saah, 1988; Marfo & Bodomo, 2005; Ermisch, 2006; Kobele & Torrence, 2006; Amfo, 2010) . In (6) the object Áǃmá is the answer to the preceding question, hence focused and syntactically fronted. In addition to focus fronting, the L tone focus marker nà obligatorily follows the fronted constituent. According to Boadi (1974) the focus marker nà has a semantic function of putting the constituent in contrast with a set of discourse alternatives, which in our view constitutes a focus in the sense of Rooth (1985 Rooth ( , 1992 . A further feature of focus fronting in Akan is pronoun resumption in the case of animate focused elements (Boadi, 1974; Saah, 1988; Ermisch, 2006; Amfo, 2010) . According to Kobele and Torrence (2006) this feature, however, is optional, and hence does not occur in our speech materials. (6) While all papers on focus in Akan agree that focus is expressed ex situ syntactically by means of focus fronting, Marfo and Bodomo (2005, p. 187) explicitly state that "a constituent cannot be contrastively focused in situ in Akan". The authors argue that the focus marker nà represents the head of the extra-sentential focus phrase and thus does not appear in situ. However, focus may be realized in situ as is shown in (7) (Saah, 1988; Ermisch, 2006) . According to Saah (1988) the answer in (7) presupposes the existence of an individual who has been asked for in the question, yet is less emphatic compared to an ex situ answer. Saah's analysis is that in situ focus is a possible strategy (7). (7) (Saah, 1988, p. 25 ; tone and focus-marking added to the original)
Building on the work of Saah (1988) , Ermisch (2006) differentiates between informational focus and identificational focus, which corresponds roughly to informational and corrective focus as we use the terms here (see below). In her view, these two focus categories are expressed differently in the syntax, the former with in situ focus, and the latter ex situ. The instances of in situ focus in Saah (1988) , Kobele and Torrence (2006) , and Ermisch (2006) do not show any occurrence of the focus marker nà. The objection put forward by Marfo and Bodomo (2005) was too strong. While preparing the materials for the present study our informants indeed did accept questionanswer pairs with in situ focus answers.
To address the question of naturalness of the speech data of the present study and to check for any syntactic preference of prominence marking in Akan we conducted a small-scale situationdescription task which was carried out before one of the production experiments . 6 Pictures illustrating the situations of the mini dialogues used in that production experiment (cf., (8) and (9) below) were shown to the speakers of this study and they were asked to answer simple wh-questions that elicit a focus structure. 7 The speakers got no prepared answers as in the recordings of the experimental materials but were asked to answer spontaneously. With this task we would expect the speakers to choose their most frequent strategy to answer a question such as "What did Addo buy this morning?". In the answers to an informational focus question no instance of an ex situ construction was realized as predicted by Ermisch (2006) , and in the answers to a corrective focus question three out of 22 answers were realized ex situ (for details see . These figures show that speakers frequently use the syntactically unmarked structure, which is in line with Saah (1988) and Ermisch (2006) . Thus, the experimental set-up of the present study reflects a frequent use of prominence realization. The fact that we find a similar prosodic effect for both in situ and ex situ focus constructions further supports in situ focus occurrence as a natural way of expressing prominence in Akan.
To be more precise with the concept of focus we need to differentiate between different focus types. According to Krifka (2008) the category of focus can be divided into 'informational' and 'corrective' focus. The former focus type is shown in (7) with a wh-question asking for a particular constituent. Corrective focus on the other hand requires an antecedent in the previous discourse that the focus of the sentence would correct. A corresponding context for (7) would be the question "Did Kofi see Addo in the house?" For the present study we will test both informational and corrective focus. 8 We assume an increase of prominence from informational to corrective focus, which corresponds to the discussion of different degrees of emphasis in Boadi (1974) and Saah (1988) , or different focus types in Ermisch (2006) . From languages such as German, we know that an increase of focus prominence is correlated with a gradual increase of prosodic cues such as pitch height and duration (Baumann, Grice, & Steindamm, 2006) .
Besides focus, other elements of a sentence are in the background (cf., Halliday, 1967; Krifka, 2008) . We assume these elements to be given, defined as previously mentioned in the discourse. In (7) above, Kofi, in the house and the verb are mentioned in the question, thus given in the answer. For the present study we will investigate not only the expression of prominence, in other words focus, but also any effect of givenness, hence no or reduced prominence. Prosodically, givenness may be accompanied by deaccentuation (cf., Cruttenden, 2006 for a range of languages, in particular Indo-European intonation languages) or pitch register compression (Xu, 1999 for Mandarin Chinese; Patil, Kentner, Gollrad, Kügler, Féry, & Vasishth, 2008 for Hindi). Since no detailed phonetic data on Akan exist the present study intends to analyze the phonetic correlates F0 and duration in relation to information structure.
Research question and hypotheses
The goal of this study is to investigate the impact of information structure on the tonal realization of L and H tones in Akan. This will provide insights into the prominence realization in a tone language, and, more generally, add to the question of the universality of the prosodic expression of prominence. We will consider both informational and corrective focus as well as givenness. Since Akan employs two syntactic constructions to express focus the comparison will include in situ and ex situ prominence marking. A neutral sentence as wide focus for each syntactic construction matched for sentence length (syllables and tone) will serve as a baseline for comparison.
According to Boadi (1974) raising of H and L tones occurs in the case of ex situ focus. The question remains whether this prosodic effect is also found in the case of in situ focus. If it is the case that tonal raising is the prosodic correlate of focus in Akan we expect it to be realized in situ as well.
The impact of givenness on the prosodic structure is unknown. Two distinct effects may arise: (i) no change in tonal realization, (ii) compression of pitch register as in Mandarin Chinese (Xu, 1999) or Hindi (Patil et al., 2008) . Deaccentuation as in intonation languages (cf., Cruttenden, 2006) is not expected since lexical tone distinctions have to be maintained in a tone language.
On the basis of Boadi (1974) we assume that Akan belongs to the group of languages that uses prosodic means for the expression of focus. We therefore predict that Akan is comparable to languages such as German, English or Mandarin Chinese. From a typological point of view the analysis of a terraced-level tone language like Akan thus adds data to the theory of intonational universals.
Production experiments
For the present study, data from three different production experiments are presented. The speech materials as well as the speakers differ across the experiments; however, the elicitation of focus on particular elements of the experimental sentences by means of questions was identical throughout the three experiments. Based on the unexpected findings of experiment 1, that is the pitch register lowering under corrective focus, we conducted two further production studies with different speech materials and different speakers to provide more data that corroborate the analysis.
Method

Design and materials.
The first experiment (experiment 1) involved three factors: information structure (wide focus, informational focus, corrective focus, pre-focal and post-focal givenness), syntactic construction (in situ or canonical word order as in (7), and ex situ as in (6) above), and tone (L, H). Two target words, one carrying lexically L tones (Àddò, (8)) and one carrying a H tone (àmáǹgò, (9)), were embedded in carrier sentences. To elicit the desired information structure of a sentence we used mini dialogues. Each sentence was preceded by a question except for sentences in wide focus. The question-answer task allows for a direct control of the presupposition of the proper target sentence which in turn determines the focus structure of a sentence. Wide focus was elicited without a context and the whole sentence is assumed to be in focus. Examples (8) and (9) show the sentences in the wide focus condition with an in situ target word.
The questions set up either an informational (10) or a corrective focus (11) on the target word for both syntactic constructions, or the target word in pre-focal (12) or post-focal (13) position for in situ occurrences. The examples (10)-(13) illustrate a question-answer set for the in situ target word carrying a L tone. The same focus structures are applied for sentences containing the target word carrying the H tone (9). (10) The second syntactic construction consists of sentences with the two target words in sentence initial position, with the target word fronted due to focus. In (14) and (16) the target words carrying L and H tones appear in focus position, with the obligatory morphological focus marker nà.
To make this kind of prominence explicit the literal translation in English contains a cleft construction. The original Akan sentence is not a syntactic cleft construction. In order to identify any prosodic effect of focus in this particular position the phonetic properties of the target word need to be compared with sentence initial non-focused target words. These are given in (15) and (17) for the target word carrying L tone and H tone respectively. The target words appear as canonical pre-verbal subjects.
The whole data set of experiment 1 consisted of 16 sentences (5 information structures × 2 target words in situ, plus 3 information structures × 2 target words ex situ). The second experiment (experiment 2) replicated the first experiment with a different group of speakers concentrating on the in situ focus constructions. Two factors (information structure and tone) were studied to gain more evidence for the unexpected focal lowering observed in experiment 1. As for information structure the sentences were uttered without a context question eliciting wide focus, and with context questions eliciting both informational and corrective focus. One disyllabic word carrying lexical H tones (18), and one trisyllabic word carrying lexical L tones (19) on each syllable were embedded in a carrier sentence that was controlled for lexical tone and that resembles the one of experiment 1. A third experiment (experiment 3), again with a different group of speakers, was designed to test for the focal lowering in a different sentence frame in combination with downstep. The target word, that is the proper name in (20) has the tonal specification L-H-L-H, which presents the environment for downstep. Remaining tones in the sentence are low in order to not intervene with other H tones, except for the last H tone which phonetically turns into a L tone at the end of an utterance (Dolphyne, 1988; cf., also Good, 2004 for a similar phenomenon in Saramaccan). The sentence in (20) was recorded without context, and with a context question asking "Is it Kofi Annan speaking?" which contrasts the surnames 'Annan' and 'Gyima'. 
Participants.
In all three experiments speakers were native speakers of Asante Twi as spoken in and around Kumasi. All speakers declared English as their second language. Eleven speakers (6 female and 5 male) participated in experiment 1. Eight participants were students of the University of Ghana in Accra. As for the other three, one was in the army and based in Kumasi, another worked in a pharmacy, and the third one worked as a university lecturer. The average age was 26 years. In experiment 2, five speakers (4 male, 1 female) who study in Minot, North Dakota, participated. Their average age was 28 years. Five speakers (3 male and 2 female) participated in experiment 3. Their average age was 32 years. All of the speakers lived in Berlin working in different companies or were exchange students at a university in Berlin. Each speaker was paid a small fee for participation.
Recording procedure.
The experiments were carried out using presentation software. The question-answer trials were prepared in Akan orthography. The questions, spoken by a young female, were pre-recorded in a quiet room in Berlin directly onto a laptop using Audacity (Version 1.2.6) and a headset (Logitech Internet Chat Headset). The question-answer pairs were presented to each speaker in a pseudo-randomized order. Items from two other experiments, unrelated to these experiments, were interspersed as fillers.
Participants were digitally recorded onto a laptop via a headset (Logitech Internet Chat Headset) using Audacity (Version 1.2.6). The headphones were binaural with a frequency spectrum from 20 to 20,000 Hz and an acoustic impedance of 32 Ohm with an integrated volume control, so that every participant could adjust the volume. The microphone was an electret condenser type with a sensitivity of -39 dbV/Pascal. The first experiment was carried out in a quiet room in the Linguistics Department at the University of Ghana, the second in a quiet room in Minot, North Dakota, and the third in a quiet room in Berlin.
The participants were familiarized with the task through written and oral instructions, followed by four practice trials. Trials consisted of a visual presentation of the question and its answer on a computer screen, or only the statement in the case of wide focus. Participants heard the prerecorded question over headphones. Simultaneously the target sentence was presented on the screen. The participants were instructed to first listen to the question and to subsequently read the answer quietly. Then, the question was presented again and the participants had to read the answer out loud as a response to the question. If the answer started with dààbí 'no' the participant was asked to put a pause after it. If the question was answered without any hesitations, false starts or missing phrasing, the next trial was presented. If there were hesitations the participants were asked to repeat the answer which was the case for 28 out of 264 items (11%) in the first experiment and about equivalent ratios in the other two experiments. Presentation flow was controlled by the experimenter and participants were allowed to take a break whenever they wanted. In total each of the experiments lasted approximately 45 minutes.
Data pre-processing and statistical analysis.
The recordings were digitized at a sampling frequency of 44.1 kHz and 32 bit resolution. The target word in all sentences was labeled by hand at the level of the word and the syllable. Labeling in Praat (Boersma & Weenink, 2008 ) was based on a see-listen-label method, in other words visually evaluating the spectrogram and listening to the sound files. Standard cues for segmental labeling were employed (Turk, Nakai, & Sugahara, 2006) and boundaries were set automatically at zero crossings using a Praat script. For each target word the durations of the word and the syllables were extracted using a Praat script.
The F0 analysis was based on a Hanning window of 0.4 seconds length with a default 10 milliseconds analysis frame. Every pitch object was visually checked for octave jumps and algorithm faults. Those were manually corrected. Applying the Praat smoothing function, the F0 was smoothed at 10 Hz to diminish microprosodic perturbations. Two different measurements were conducted. First, for each syllable of the target word the time-normalized course of the F0 contour was extracted by measuring the F0 at ten equal steps during each syllable. Resulting F0 measures were aggregated per speaker and condition. The aggregated scores were plotted over time steps interpolating between the individual measures. This type of measurement provides phonetic details of the course of the F0 contour. Second, tones were labeled for every target word. The tonal marker was set manually at the middle of each of the tone bearing vowels. We assume the mid-point of each TBU to reflect a phonetic interpretation of a discrete lexical tone. The corresponding F0 was extracted in Hertz (Hz).
The statistical analysis relied on the dependent variables 'F0 (Hz)' and 'duration (ms)'. The scores were subjected to repeated measures ANOVAs with speaker as random factor. Further, the obtained F0 values were aggregated within each participant and each condition to calculate the difference (Δc) of F0 and duration between the wide focus baseline realization and any of the four information structure conditions for the first experiment. For the other two experiments we calculated the difference between the wide focus baseline and the corrective focus conditions.
Results
The analysis of information structure effects on the tonal and durational realization comprises two different dimensions of prominence. First, an increase in prominence is expressed from informational to corrective focus compared to neutral wide focus sentences. Second, a decrease in prominence is expressed if the target word is given and the focus of the sentence appears either before or after the target word. In the former case, the target word occurs as post-focally given, in the latter as pre-focally given. The presentation of the results is organized by experimental factors. We will first report the effect of in situ focus on the tonal and durational realization across the three experiments. Thereafter we will present results of the effect of syntactic focus construction on the tonal and durational realization comparing in situ and ex situ focused target words of experiment 1. Finally we will elaborate on the effect of givenness on the tonal and durational realization of experiment 1. The presentation will consider H and L tones separately.
The effect of in situ realized focus on tone and duration
Overall, a gradual decrease in F0 height can be observed with increasing prosodic prominence. Figure 2 shows the course of F0 for the target word àmáǹ gò of experiment 1. The second syllable carries a lexical H tone. The solid line displays the wide focus condition which serves as the baseline for comparison. The dotted line represents the target word in informational focus, the dashed line in corrective focus. In all three conditions F0 increases towards and decreases from an F0 maximum on the syllable that carries the lexical H tone.
The scaling of the H tone differs as a function of information structure. It is realized lower if focused. The aggregated mean F0 for wide focus is at 181 Hz, for informational focus at 172 Hz, and for corrective focus at 166 Hz (cf., Table 1 ). On average the lowering of corrective focus in situ amounts to 1.5 st. Equivalent figures are found in the other two experiments (cf., Table 1 ), though the lowering effect only amounts to 1.2 st in experiment 2 and to 0.7 st in experiment 3.
To test for a significant effect of focus in experiment 1, a 3 × 2 repeated measures ANOVA was performed with Focus and Syntactic Construction as fixed factors and Subject as random factor. The main effect of Syntactic Construction will be discussed later in the next section. The analysis revealed a significant main effect of Focus, F(2, 10) = 17.4, p < 0.001 for the H tone in experiment 1. Post-hoc t-tests showed no significant effect for informational focus compared to the wide focus baseline, but a significant lowering of corrective focus compared to wide focus for in situ focus, t(1, 10) = 3.0, p < 0.05. A repeated measures ANOVA for experiment 2 with Focus as the fixed factor and Subject as the random factor revealed a significant lowering of the H tone in the case of corrective focus compared to wide focus, F(1, 4) = 10.0, p < 0.05. An identical repeated measures ANOVA for experiment 3 with Focus as the fixed factor and Subject as the random factor revealed also a significant lowering of the H tone in the case of corrective focus compared to wide focus, F(1, 4) = 14.6, p < 0.05. Recall that in experiments 2 and 3 the factor Focus comprises only two levels, that is the distinction between wide and corrective focus.
The durational figures showed no consistent pattern across experiments. The duration of the target word carrying the H tone in experiment 1 was on average 58 ms shorter in the corrective focus condition compared to the wide focus. The durational reduction amounts to 10.3% of the average word duration in wide focus. A 3 × 2 repeated measures ANOVA that was identical to the one carried out for F0, was carried out for duration. The factor Focus showed a main effect, F(2, 10) = 9.1, p < 0.01. Post-hoc t-tests only showed a significant reduction of duration in the case of corrective focus compared to wide focus, t(1, 10) = 2.5, p < 0.05. However, for experiments 2 and 3 no significant difference in duration between focus conditions was observed. Figure 3 shows the course of F0 on the target word Àddò. Again, the solid line displays the wide focus condition which serves as the baseline for comparison. For the target word carrying L tones a similar gradual decrease in F0 height with increasing prosodic prominence can be observed as for the target word carrying a H tone. On the first syllable F0 falls towards a L tone target. F0 on the second syllable remains rather flat at a level of, on average, between 130 to 140 Hz. Generally it becomes clear that the second lexical tone is realized lower than the first one. This seems mainly to be due to the fact that the F0 on the first syllable is a transition from a preceding H tone to the L tone target associated with this syllable (cf., (8)). Significance levels: * < 0.05; ** < 0.01; *** < 0.001; n.s. not significant.
Again, a 3 × 2 repeated measures ANOVA was performed with Focus and Syntactic Construction as the fixed factors and Subject as the random factor. The factor Focus approached significance, F(2, 9) = 2.9, p = 0.077. 9 Post-hoc t-tests only showed a significant lowering of corrective focus compared to wide focus for in situ focus, t(1, 9) = 2.9, p < 0.01. On average the lowering was about 1.0 semitone in experiment 1 (cf., Table 1 ).
Given the lowering effect of L tones in corrective focus compared to the wide focus baseline the question remains whether both L tones equally participate in the lowering effect. To test this, a further repeated measures ANOVA was performed with Syllable (first vs. second syllable carrying a lexical L tone) as the fixed factor and Subject as the random factor. The analysis revealed a significant difference between the two lexical L tones, F(1, 9) = 7.3, p < 0.05. Post-hoc t-tests showed then that only the second of the two L tones was significantly lower in the corrective focus condition compared to the wide focus condition, t(1, 9) = 4.2, p < 0.01.
In experiments 2 and 3 corrective focus causes a similar lowering effect on L tones, yet the comparisons did not yield any significance, F(1, 4) = 3.1, p > 0.05 for experiment 2, F(1, 4) = 1.2, p > 0.05 for experiment 3. In experiment 3, the L tone precedes the downstepped H tone, and may therefore not be systematically affected.
Given the different participation of L tones in the lowering found in experiment 1, we also performed a repeated measures ANOVA with Syllable (first vs. second vs. third lexical L tone) as the fixed factor and Subject as the random factor for experiment 2 (target word àtèrè 'spoon') comparing wide focus with corrective focus. If only the last L tone may participate in the lowering effect as in experiment 1, the insignificant main effect for Syllable may be masked by the fact that the target word is realized with three L tones. Thus, the ANOVA tests any participation of the individual lexical tones in the lowering effect. The analysis revealed a highly significant effect of Syllable, F(2, 4) = 35.8, p < 0.001. A repeated measures ANOVA for each of the three tones with Focus as the fixed factor and Subject as the random factor only showed a significant lowering of the third lexical L tone, F(1, 4) = 8.6, p < 0.05. As far as duration is concerned, in none of the three experiments we obtained a significant effect for the target word carrying L tones, and no consistent pattern was observed. The durational change between the wide focus baseline and the corrective focus condition in experiment 1 was a reduction of 15 ms on average, while it was an increase of 20 ms on average in experiment 2, and no difference in experiment 3.
The effect of ex situ realized focus on tone and duration in comparison to in situ focus
The analysis so far has considered the occurrence of target words in sentence medial, in particular post-verbal position which corresponds syntactically to the canonical or neutral word order in Akan (e.g., Kobele & Torrence, 2006) . For the expression of prominence speakers of Akan may, however, choose a different syntactic construction which is accompanied by morphological focus marking (cf., (6b)). To provide evidence for any prosodic effect of ex situ focus two wide focus sentences with the target words appearing in sentence initial position served as a baseline for comparison in experiment 1. Figure 4 shows the time-normalized course of F0 aggregated for all speakers for the target word carrying the H tone appearing in situ (black lines) and ex situ (grey lines). The solid lines correspond to the wide focus, respectively. Dotted lines correspond to informational focus, and dashed lines to corrective focus conditions. Two facts become obvious from that comparison. First, the sentence initial rendition of the target word is overall higher in F0 than the in situ (medial) one. Syllables carrying a L tone are on average 30 Hz higher, the syllable carrying a H tone is on average 80 Hz higher. The 3 × 2 repeated measures ANOVA with Focus and Syntactic Construction as fixed factors and Subject as random factor exposed a significant main effect of Syntactic Construction, F(1, 10) = 41.0, p < 0.001. The fact that the overall higher realization of initial target words compared to medial ones is significant is expected in a terraced-level tone language (cf., Figure 1 above). Second, the H tone in the corrective ex situ focus rendition is lower than in informational focus and in the wide focus condition. Post-hoc t-tests show that the comparison between the baseline and the informational focus condition yields no significance, t(1, 10) = 0.7, p > 0.05 while the average lowering of 1.8 st (cf., Table 1 ) in corrective focus compared to the wide focus baseline is significant, t(1, 10) = 5.5, p < 0.001. The amount of lowering in the ex situ construction (1.8 st) is higher than in the in situ construction (1.5 st) (cf., Table 1 ).
The durational patterns in sentence initial position differ from those of the in situ construction. Overall, no shortening of word duration between the wide focus baseline and the two focus conditions is observed. On average the durational differences are very small, 8 ms lengthening in informational focus and 7 ms shortening in corrective focus. The 3 × 2 repeated measures ANOVA did not reveal any significant differences for duration.
Also for the target word carrying L tones the overall higher realization of ex situ target words compared to in situ realizations can be observed. The average difference between these two is about 30 Hz across conditions. The 3 × 2 repeated measures ANOVA with Focus and Syntactic Construction as the fixed factors and Subject as random factor showed a significant main effect of Syntactic Construction, F(1, 9) = 87.1, p < 0.001.
Comparing the L tone in ex situ position across focus conditions we observe an overall lowering (cf., Table 1 ). As reported above, the factor Focus in the 3 × 2 repeated measures ANOVA with Focus and Syntactic Construction as fixed factors and Subject as random factor approached significance, F(2, 9) = 2.9, p = 0.077. Post-hoc t-tests for ex situ focused words, however, did not reveal any significant difference between the wide focus condition and informational focus, t(1, 9) = 0.4, p > 0.05, or between wide focus and corrective focus, t(1, 9) = 1.8, p > 0.05.
The durational patterns of the L tone target word in sentence initial position did not show any significant difference. On average the target word shortened about 5 ms in informational focus and 16 ms in corrective focus compared to the wide focus condition.
The effect of givenness on tone and duration
If the preceding context question contains a word or constituent that is repeated in the target answer sentence, this element is considered to be given. At the same time the focus of the sentence appears elsewhere in that sentence, either before the target word or after it. Figure 5 shows the course of F0 on the target word àmáǹ gò comparing the wide focus condition as the baseline with the target word when pre-focally given, and when post-focally given. We observe a difference between a pre-focal and a post-focal target word. The syllable of the target word carrying the H tone in the post-focal condition is realized lower than in both the wide focus and pre-focal condition ( Figure 5) .
A repeated measures ANOVA for the H tone with Givenness as the fixed factor and Subject as the random factor revealed a significant main effect of Givenness, F(2, 10) = 9.2, p < 0.001. Posthoc t-tests exposed that only the post-focal givenness condition showed a significant lowering effect of 1.4 semitones on average compared to wide focus, t(1, 10) = 4.1, p < 0.005. In pre-focal position there was no significant lowering effect compared to wide focus.
The overall word duration decreases with a decrease in prominence assuming that given words are less prominent. Compared with the mean word duration of 536 ms in wide focus, pre-focally given words are on average 21 ms shorter in duration, while the shortening of post-focally given words amounts to 51 ms on average. However, a repeated measures ANOVA with Givenness as the fixed factor and Subject as the random factor revealed no significant main effect.
For the target word carrying L tones, Àddò, no significant effect of givenness was observed, F(1, 9) = 1.4, p > 0.05. Also for duration, the repeated measures ANOVA yielded no significance, although the means across speakers show a durational decrease of 17 ms on average in post-focal condition, and 29 ms in pre-focal condition.
Discussion
Intonation in tone languages
This study presented the results of three production experiments on Akan, a two-tone language spoken in Ghana. The main question under investigation was whether sentence-level pragmatic meanings (Ladd, 1996) such as focus and givenness may be prosodically encoded in a tone language despite the fact that the phonetic correlate F0 is functionally used to distinguish lexical and core grammatical meanings of tones. Languages indeed differ with respect to the prosodic properties they use for the expression of prominence or focus if at all. In the introduction we discussed that languages do differ as a function of their typological profile in the use of prosodic properties. For intonation languages like Wolof, for instance, no effects of focus on the intonation have been found (Rialland & Robert, 2001) , while for other intonation languages such as German and English numerous studies exist that show such effects. On the other hand certain tone languages, for example Mandarin Chinese (Xu, 1999 (Xu, , 2005 , show similar effects as intonation languages in the prosodic expression of focus.
The expectations for Akan were that speakers employ prosodic means for the expression of informational and corrective focus (Boadi, 1974) . The results of the present study indeed corroborate the expectation, yet in an unexpected way. While the hypothesis based on Boadi's (1974) claim was that the prosodic expression of focus would result in tonal raising as in Mandarin Chinese, English or German, the data of the three independent production studies showed a pitch register lowering effect in the case of corrective focus. This effect is robust for lexical H tones, and only marginally observed for L tones. In the following, this effect will be discussed in light of the theory of the biological codes of intonation.
Deviation from a neutral register
The main finding of this paper is that the prosodic expression of pragmatic prominence in Akan goes against expectations and, more strikingly, against the prosodic effect of tonal or register raising and durational lengthening in relation to focus (e.g., Ladd, 1996; Gussenhoven, 2004; . In Akan, we find a gradual decrease in F0 height with increasing prosodic prominence. However, duration was not affected in a systematic way. Comparing a pragmatically neutral rendition of a target word embedded in a sentence with renditions of the same target word in informational and in corrective focus we observed pitch register lowering for lexically H and certain L tones. The lowering was significant only in the case of corrective focus.
In light of a theory of the biological foundations of intonation such as the biological codes (Gussenhoven, 2002 (Gussenhoven, , 2004 , the results of Akan pitch register lowering appear to go against an assumption made based on the effort code. According to the effort code putting more effort into the speech production mechanism correlates with more precise supralaryngeal articulatory movements (de Jong, 1995) and less undershoot of articulatory targets in terms of Lindblom's (1990) hyperand hypo-speech theory of speech production. The more precise articulation does also affect the laryngeal coordination and thus the properties of tone and intonation which in turn means an expansion of pitch movements, hence the pitch register (Gussenhoven, 2002 (Gussenhoven, , 2004 . Gussenhoven relates this effect to emphasis, a general communicative goal of a speaker to get his message across. From a grammatical point of view the effort code is related to the expression of focus which is phonetically realized by means of relatively wide F0 excursions. In particular the phonetic and phonological details of the prosodic expression of focus revealed a tonal or register raising in Germanic languages such as English , Dutch (Swerts, Krahmer, & Avesani, 2002) , and German Baumann, Becker, Grice, & Mücke, 2007; .
The prosodic expression of focal prominence by means of pitch register lowering contradicts the idea of the effort code which predicts its deviation from a neutral voice only in one direction, in other words an expansion of pitch register which causes a raising of tones. On the basis of the present findings we would suggest an alternative view on the prosodic expression of focus. Given the fact that the prosodic expression of focus differs from a neutral register (wide focus) it seems plausible that it is not the direction of change, in other words raising as in Germanic languages and as predicted by the effort code, that does matter but the deviation from the neutral register.
Since the durational measurements did not show a consistent pattern across the three experiments, the observed durational reduction of target words of experiment 1 does not seem to correlate with the effect of pitch register lowering. However, one may assume a correlation between segmental duration and F0. If focus causes a durational reduction of segments there is less time to reach a specific tonal target. According to Xu and Sun (2001) the vocal folds need a certain amount of time to accommodate a higher or lower F0. Less time or shorter duration means thus that any continuous F0 change results in lower F0 maxima or higher F0 minima. Since we did not find a consistent durational reduction in our data we assume no direct correlation between the segmental duration and the realization of lower H and L tones under focus. Also the inconclusive durational patterns do not hint at target undershoot as would have been a prediction of Lindblom's (1990) hyper-and hypo-speech theory of speech production. The precision in articulation still remains, but the pitch register is lowered, which causes the tonal target to be realized lower. For the target words carrying L tones the lowering effect would also go against the undershoot view since this would predict somewhat higher L tones. This fact points to the direction that the deviation of F0 in corrective focus cannot be a consequence of a durational change.
A further hint for the argument that the deviation from a neutral pitch register matters regardless of which direction the deviation goes, comes from languages that use prosodic phrasing as a prosodic cue for the expression of focus, for instance Chichewa (e.g., Kanerva, 1990; Downing et al., 2004) . According to Downing et al. (2004, p. 184) focused words or phrases in Chichewa are recognized because they deviate in some sense from an unmarked prosodic structure. This deviation from a neutral phrasing is the crucial point of view in relation to an effort driven theory.
Evidence from unrelated languages also shows that corrective focus is realized in strikingly different ways (Ladd, 1996, p. 177) . According to Ladd, corrective focus in Italian, for instance, induces post-focal deaccentuation of larger constituents although deaccentuation usually does not apply (Swerts et al., 2002) . Moreover, Akan does not seem to be an exceptional case employing pitch register lowering in the prosodic expression of corrective focus. Gili Fivela (2008) reported a similar lowering for Italian in correlation with corrective focus. Even for English, Cooper and Sorensen (1981, p. 3) report that focus occasionally is expressed with "unusual low F0" (cf., Liberman & Pierrehumbert, 1984 , for a similar prediction in relation to low pitch accents). And also the data by Xu (1999 Xu ( , 2005 on Mandarin Chinese reveal not only tonal raising, but also lowering for the L tone. Thus, the fact of lower pitch register as a prosodic expression of focus cannot be regarded as an exceptional case of language variation. And given the idea that a deviation from neutral register may guide listeners' attention to central informational parts of an utterance, more languages are expected to employ deviant patterns.
Anecdotal evidence for the deviation account comes from classroom experience at the university level. As a teacher, one may raise one's voice to attract the attention of students mumbling or whispering. However, the first author frequently employs the opposite strategy of lowering his voice to achieve the goal of directing attention towards the content of the lecture. This example simply shows that the communicative function of highlighting information that is correlated with intonation can be achieved by means of different strategies.
On the universality of the prosodic expression of givenness
This study tested not only the prosodic expression of focus but also any effect of givenness on the tonal realization. The property of givenness arises through a focus elsewhere in the sentence. Languages appear to distinguish between these different positions with respect to givenness. Cruttenden (2006) surveyed a great variety of languages that do show post-focal deaccenting, which means that no tonal correlates after the focus appear. Yet, languages like Hindi or Mandarin Chinese, for instance, do not show a complete deletion of tonal cues after a focus but post-focal register compression that still allows tones to be realized (Patil et al., 2008; Xu, 1999) . Since tone languages rely on the expression of tonal distinctions for lexical and grammatical reasons, we would not expect complete tonal deletions after a focus. However, register changes as is the case in Mandarin Chinese may well be an issue. In contrast to post-focal position, pre-focally given words, constituents or phrases may or may not be prosodically marked. In German, for instance, pitch accents may well be realized before a focus (Baumann, 2006) . If pre-focally realized the scaling of these accents appears in a lower pitch register, an effect which Féry and Kügler (2008) relate to givenness.
In Akan we do not find register effects exclusively attributable to givenness. The position of the focus towards the given element is relevant for its prosodic realization since a distinction between pre-focal and post-focal givenness with respect to its prosodic expression is observed. For lexical L and H tones associated with words occurring in pre-focal position we did not find any significant difference in the tonal realization compared to the neutral realization. This observation rules out an alternative explanation for the focus lowering effect. According to one reviewer an alternative interpretation of the pitch register lowering due to focus reported here could be a global register lowering affecting the whole utterance. The global lowering may arise if one assumes an influence from the negation marker dààbí 'no'. During the data elicitation, speakers were asked to clearly pause after the negation marker. This instruction was given to ensure no further effect on the following target sentence. All speakers acted according to this instruction, and evaluation of the recordings revealed a clear pause in all recordings.
The fact that pre-focal givenness does not show any significant lowering provides evidence against a global interpretation of register lowering. If the sentences containing a corrective focus would be consistently realized in an overall lower register as a consequence of the negation marker, we would have expected a clear pre-focal effect in our materials of experiment 1. Figure 6 provides further evidence that the pitch register lowering effect is a local one rather than a global one. In Figure 6 the averaged course of F0 across all speakers of the whole utterance containing the target word carrying H tones from experiment 2 is shown. This sentence perspective on the F0 course as employed for instance by Remijsen and van Heuven (2005) allows for a conclusive decision of global or local implementation of the lowering effect.
From the comparison of the wide focus renditions with that of corrective focus it follows that the lowering takes place on the target word itself. The F0 of the previous H tone associated with the subject of the utterance is scaled exactly at the same height. In summary, the data of the present study suggests that the pitch register lowering induced by corrective focus is a local effect affecting the focused word and the stretch of utterance after it (cf., Figure 5 ). Therefore we found a lowering of the pitch register in post-focal position for both lexically L and H tones. The observed post-focal lowering of tones compared to the wide focus baseline turns out to be a tonal realization in a lower register that previously has been triggered by focal lowering. Thus, post-focal tones in Akan are lowered not because of the fact that givenness reduces any articulatory effort or any degree of prominence but because of focal lowering.
Pitch register lowering and categories of focus in Akan
Following Krifka (2008) we distinguish between informational and corrective focus throughout the paper. The latter has been shown to be prosodically realized by means of pitch register lowering while the former does not differ from wide focus or out-of-the-blue utterances. From this distinction the question arises whether there is a concept such as informational focus in Akan. 10 Hartmann (2008) claims that there is only one category of focus and she presents evidence from German and Hausa supporting this claim. The variance between different types of focus then is claimed to be gradient. While this is certainly true for German, Akan clearly distinguishes between a corrective focus and other types of focus. One interpretation that might explain this sharp distinction could be the very fact that Akan as a tone language uses F0 primarily as a cue to express tone. Hence, F0 is not used to distinguish between a wide and an informational focus. In the case of corrective focus, on the other hand, an additional pragmatic prominence comes into play which speakers may want to express even prosodically. This additional prominence is correlated with a stronger communicative goal to emphasize a certain part of an utterance, and speakers of Akan draw attention to that kind of information by means of pitch register lowering.
Positional effects on prosody
A third conclusion of this paper concerns the comparison between in situ and ex situ focused elements. Our data do not support Boadi's (1974) claim that both L and H tones are raised in ex situ focus. On the contrary, Figure 4 clearly shows a significant F0-lowering in the case of corrective focus for both in situ and ex situ cases. Thus, the prosodic expression of focal prominence by means of pitch register lowering is similar in different syntactic focus constructions and independent of any other linguistic marking of focus may it be syntax and morphology in the case of ex situ focus.
Possibly, Boadi interpreted the overall higher pitch register at the beginning of a sentence as an effect of focus on the tonal realization. In his data, Boadi did not compare the pretended raised tone with a baseline. Being overall higher at the beginning of an utterance simply reflects the start of an utterance but does not express prominence. The tendency of speakers across languages to start higher at the beginning of an intonation phrase led Gussenhoven (2002 Gussenhoven ( , 2004 to propose the production code, which he assumes to be a physiological correlation of more subglottal pressure at the beginning of an intonation phrase. The data in our study very clearly disentangle the positional effect from the information structural effect in that we compare the corrective focus case in both focus constructions with an equivalent neutral baseline realization.
Summary
Given the fact that Akan uses intonation, for instance to distinguish between questions and statements, the question of the present study was to what extent pragmatic prominence influences the scaling of tones, which is determined by the pitch register. We showed that pragmatic prominence induces pitch register lowering in the case of corrective focus independent of syntactic construction. The lowered pitch register is maintained in a phrase so that post-focal tones are scaled relative to the lowered register. The pragmatic meaning of contrast is expressed prosodically but the prosodic expression is constrained by the tonal phonology of Akan.
9. One of the eleven speakers had creaky voice during the second syllable thus no F0 measurement was obtained. 10. Thanks to Bert Remijsen who pointed us to this issue.
